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A Simple Method for Freezing Bovine Embryos
Sherrill E. Echternkamp and Donald Elliott'

Deep freezing (cryopreservation) of bovine embryos
provides an efficient economical method for storing embryos until suitable recipient cows (surrogate mothers)
are available, or for transporting embryos to recipient
cows at a distant location (e.g., exportation or importation of embryos between continents or geographic areas).
Pregnancy rates achieved with frozen bovine embryos
have increased steadily during the past five years and are
approaching those obtained with fresh bovine embryos.
However, acceptable pregnancy rates are only achieved
when Grades 1 and 2 quality (excellent and good quality) embryos are frozen; survivability of Grade 3 (fair quality) embryos is considerably higher if the embryos are
transferred fresh rather than frozen. A simplified method
for freezing and thawing bovine embryos is described,
and pregnancy rates obtained are compared with those
for fresh embryos.
Procedure
Bovine embryos at the morulae and early to expanded blastocyst
stages of development
were
obtained nonsurgically from superovulated donor cows
7.5 days after artificial insemination. After the embryos
were located in the flush medium of 2% bovine serum
albumin (BSA) in Dulbecco's phosphate buffered saline
(PBS), they were transferred with a micropipette into a
holding medium of .4% BSA in modified PBS (PBS-BSA),
held at 75° F for 1-2 hr until all embryos were located and
evaluated for quality. Subsequently, the Grades 1 and 2
embryos were transferred to the cryoprotective freezing
medium of 1.5 M glycerol (11% v/v) in PBS-BSA, allowed
to equilibrate

for 5 min at room

temperature

(

- 75°F),

and

then each embryo was aspirated individually into a .25
cc plastic French semen straw in a small volume of freezing medium. Embryos were loaded one per straw with an
air bubble at each end to restrict movement of the embryo within the straw as shown in Figure 1. The open end
of the plastic straw was sealed with a heat sealer and
the opposite end (plug end) was labelled with the identity of the embryo; heat sealing of the plugged end of the
straw is optimal. The sealed straws were positioned vertically in a holding rack and submerged ir. an alcohol bath
of a mechanically refrigerated freezer (Bio Cool II Freezer,
FTS Systems, Inc., Stone Ridge, NY) except for the
labelled area. A thermal conductor was inserted into a
sham .25 cc plastic French semen straw with freezing
medium to monitor temperature of the freezing medium
at embryonic site and to determine or monitor the ice
crystallization temperature of the cryoprotective freezing
medium.
The embryos were cooled from 75°F to 20°F at a rate
of 1.8° F/min; 21 °F was previously determined to be the
ice crystallization
temperature. Ice crystallization
("seeding") of the freezing medium within each straw was
induced by touching the exterior surface of each straw
near the top level of the medium with a cold steel rod;
the steel rod was cooled in liquid nitrogen. The straws
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Figure 1-Schematic
representation
of an embryo loaded into
a plastic French semen straw containing the cryoprotective
medium of 1.5M glycerol in PBS-BSA.
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Figure 2-Schematic

representation of the freezing schedule

for bovine embryos.

were maintained at 20°F for 5 to 8 min after seeding or
until the medium was completely crystallized. The second cooling schedule or ramp was from 20° F to -33° F
at .8°F/min. At -33° F, the straws were plunged into liquid
nitrogen and transferred to a liquid nitrogen storage tank.
The embryo freezing schedule is illustrated in Figure 2.
Thawing of the embryos was achieved by holding the
straw in air for 15 sec at room temperature (70° to 75°F),
followed by 30 sec in 98° F water. Both ends of the plastic
straw were clipped off and the contents emptied into a
small petri dish. Removal of the cryoprotectant (glycerol)
was accomplished by step-wise dilution in sucrose. Upon
recovery from the straw, the embryo was placed immediately in a thawing medium of .13 M glycerol and
.69 M sucrose in PBS-BSA for 5-10 min at room
temperature, transferred to a second thawing medium of
.4 M sucrose in PBS-BSA for 5-10 min, and then rinsed
twice in PBS-BSA medium. The embryo was subsequently loaded into a .25 cc plastic French semen straw and
transferred nonsurgically into the uterine horn ipsilateral
to the corpus luteum of a recipient cow at 7 to 8 days
postestrus.
Results

'Echternkamp is a research physiologist,
Unit, MARC; and Elliott is a professional
specialist, Mitchell, Nebraska.
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Pregnancy rates for embryos transferred nonsurgically
into recipient cows either fresh or after cryopreservation
are presented in Table 1. Pregnancy rate was about 10%
lower in recipient cows receiving deep-frozen embryos

Table 1-Pregnancy
bovine embryos
Status
of Embryo
Fresh
Deep-frozenb

rates for fresh and deep.frozen
No. of
Recipients'

Pregnant(%)

87
50

49 (56.3)
23 (46.0)

'One embryo was transferred nonsurgically per recipient cow.
"Embryos were suspended In a cryoprotectant, cooled to .33.F, and frozen and
stored in liquid nitrogen.

(46.0%) than in recipient cows receiving fresh embryos
(56.3%). Although, slightly lower pregnancy rates were
obtained with deep-frozen bovine embryos than with
fresh embryos, deep freezing of embryos increases
managerial, transportational, and/or marketing opportunities. Fresh bovine embryos can be stored for 6 to 8
hr at about 70°F or up to 24 hr at 102°F in a special culture
medium, whereas deep-frozen embryos can be stored for
several months with no reduction in embryonic survivability, and for several years with a small reduction in
survivability. For maximal fertility with embryo transfer,
the recipient female should be in standing estrus within
j: 12 hr of the donor female in order to synchronize the
stage of embryonic development with the status of the
reproductive system of the recipient female. Synchrony
between the stage of embryonic development of the
deep-frozen embryo and day of the estrous cycle of the
recipient female can be easily achieved by thawing and
transferring the embryos on the designated day of the

estrous cycle. In contrast, transfer of fresh embryos requires estrous cycle regulation in the recipient female
to synchronize the estrous cycles between the donor cow
and the recipient cow, or the treatment of 10 recipient
cows if the donor cow is superovulated. Thus, the number
of recipient cows required and the cost of maintaining
the recipient herd is less when deep-frozen rather than
fresh embryos are utilized.
Because of the previously noted differences in storage
life between deep-frozen and fresh embryos, it is more
economical and practical to transport deep-frozen embryos long distances. Likewise, the exportation or importation of genetic material or germ plasm among countries
can be accomplished more economically by transporting
deep-frozen embryos than live animals, provided proper
embryo-washing
and sanitation
procedures
are
employed.
Conclusion
Pregnancy
rates obtained
with deep-frozen
(cryopreserved) embryos are about 10% lower than those
obtained with fresh embryos. However, the lower fertility with deep-frozen embryos is compensated for with
increased managerial, transportational, and marketing
benefits or opportunities. The freezing and thawing procedures described in this report are simple, practical, and
economical to perform and provide results comparable
to those obtained with elaborate,
complicated
procedures.
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